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APATITE FROM AN OLIVINE PYROXENITE OF THE CANAA VALLEY. ESPIRITO
SANTO, BRAZIL: FISSION-TRACK AGE DETERMINATION AND CONFINED TRACK
LENGTH MEASUREMENTS IN ORDER TO ESTABLISH AN INTERNAL STANDARD
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ABSTRACT  We present the first results of fission-track age determinations and natural confined track length measurements in apatite crystals
of an olivine pyroxenite from the Canaa Valley, Espirito Santo, Brazil. This apatite was chosen for its high abundance in the rock and also for
its high uranium content. Confined track length measurements were performed by three different analysts, whereas fission-track ages
corresponding to two different irradiations were determined by two analysts. Confined track length distributions as well as ages showed good
reproducibility. The characteristics of this apatite (its abundance in the rock and the relatively large number of confined tracks) make it a very
promising internal standard which experienced a more complex thermal history in comparison with the volcanic apatite international age
standards. The fission-track age of around 95 Ma of the apatite sample from the olivine pyroxenite is consistent with the age interval 65-110
Ma previously measured by Fonseca and Poupeau (1984), Fonseca (1989) and d¢tals@@®9?2) in the Ribeira Belt. This age interval
corresponds to the basaltic and alkaline volcanic activities related to the opening of the Atlantic Ocean.
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ABSTRACT We present the first results of fission-track age Therefore, accuracy of track length measurements is also important
determinations and natural confined track length measurementsaimd the use of standard samples may greatly contribute to their
apatite crystals of an olivine pyroxenite from the Canad Valley, Esgiptimization. A reference sample-set should include apatites that
rito Santo, Brazil. This apatite was chosen for its high abundance in theperienced different thermal histories, including those more complex
rock and also for its high uranium content. Confined track lengthan the simple fast cooling corresponding to the those from the Fish
measurements were performed by three different analysts, wher€syon Tuff and Durango. In this paper we present the first results
fission-track ages corresponding to two different irradiations wefeom apatite chosen for its abundance in the host rock and its high
determined by two analysts. Confined track length distributions as watanium fission-track density, to adopt it as an internal standard for
as ages showed good reproducibility. The characteristics of this apaté#producibility tests and for comparisons of measurements performed
(its abundance in the rock and the relatively large number of confinied different analysts and/or with different equipment.

tracks) make it a very promising internal standard which eXperienC&‘tOLOGICAL SETTING The apatite used for this study was

a more complex thermal history in comparison with the volcanig o ted from an olivine pyroxenite, outcropping in the Cana Valley,
apatite international age standards. The fission-track age of aroun r the village of Santo Antdnio, Espirito Santo (Fig. 1). This olivine

Ma of the. apatite sample from the Qlivine pyroxenite is consistent wi oxenite belongs to the Pre-Cambrian Whitolpx, including the
g‘e age m;%g/jl ?:5'110 Meigpggwoudsllyzl msé”legdggy. F?hnseRga up of late to post transcurrent acid and basic intrusions in the
oupeau (1984), Fonseca ( ) and Fo ( ) in the Ri- Colatina map, published by the Companhia de Pesquisa de Recursos
beira Belt. This age interval corresponds to the basaltic and alkal eriais - CPRM (Company of Research of Mineral Resources;
volcanic activities related to the opening of the Atlantic Ocean.  rjjjer 1993). This rock outcrops as a small circular body (about 1
INTRODUCTION The use of reference samples allows to test arim?). To the north, west and east this grey-greenish coloured body is
improve accuracy of analytical methodologies. In fission-track datingy contact with the regional aluminum gneisses, whereas to the south
the Subcommission on Geochronology of the International Union ~f
Geological Sciences (1.U.G.S.) established that age standards st
form the basis of all system calibrations (Hurford 1990). This is t
only way to compare measurements performed by different anal
and/or different methodologies. The Subcommission
Geochronology of the 1.U.G.S., the Fish Canyon Tuff apatite and BRASIL
Durango apatite recommends only two apatite samples as stanc
The first is distributed by C.W. Naeser, from the U.S. Geologic
Survey, and only very small aliquots are supplied. The Durango ap:
is a mineral for collection. Another additional standard, distributed
A.J. Gleadow (La Trobe University, Melbourne, Australia) is tr
apatite from Mount Dromedary Intrusive Complex.

Due to poor thermal stability of fission tracks in apatite, this min
ral phase yields the formation age of the rocks only in case of -
cooling after their emplacement (in practice, in case of volcanic rocl
On the contrary, when a rock experienced after its emplacen MINAS GERAIS
temperatures higher than around 60°C during a time not negligi
compared to its age, the fission-track age that one can measure
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minimum age. In practice, there is a temperature interv
approximately between 60°C e 110°C, napadial annealing zone
in which fission tracks are only partially retained. The amount of tre
length reduction increases with the temperature, and above 110°C
tracks are totally unstable.

Considering that the spontaneous fission?1U occurs at a
constant rate during time, each track experienced a peculiar part o
thermal history of the rock. Using the track length distribution it
possible to decipher the time - temperature path of the rock sinc
cooled below 110°C. For this reason, dpatite fission-track analysis
(AFTA), combination of age determination and track leng | Riode Janeiro
measurement, turned to be an efficient tool for thermochronologi
studies. Figure 1 — Location of the study area.
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it is in contact with the Santa Tereza hedenbergitic gneiss. The rock i ACF. N ML 8. N 6.8
isotropic, medium grained and it is cut by quartz and feldspar veins. It | 7774 ot 1o o
does not show significant deformation, although this rock is involved® 1 sw=o1 0 1 sow=-087 0 7 =033

in a big folded structure, probably produced by its own emplacemengo. n=206 . n=10 n=102
Mineralogical and petrographic determinations Asa

detailed mineralogical and petrographic study of the olivine pyroxenites i

from the Canaa Valley is not the aim of this paper, only a short account
is given here. The rock consists of olivine, clino- and orthopyroxene,”; @ 1% 0, % s o & 2't T o & =
hornblende, mica, plagioclase, apatite and opagque minerals. By means Confined track length (um)

of X-ray diffraction, olivine was determined as fayalite, orthopyroxengig,re 2 _ Confined track length distributions (normalized to 100) measured
as ferrosilite, clinopyroxene as augite and the mica as phlogopitg.three analysts in the Canad Valley apatite.
Analysis of polished sections revealed that the present opaque minerals mean length; s.d.: standard deviation; skw: skewness coefficient; N:
are pyrrhotite, pentlandite, chalcopyrite and chalcocite. number of measurements.

The mineralogical and petrographic determinations were performed

in the X-Ray Diffractometry and Fluorescence Laboratory of thgreviously remain on the screen. In this way it is possible to verify
Department of Geology in the Federal University of the Rio de Janeigxch measurement.

SAMPLE PREPARATION  Separation of the various mineral _ Confined track lengths measured by three analysts (A. C. F, M.L.
phases was performed sequentially by crushing (jaws), quarterig,and G. B.) are shown in figure 2. The first two analysts obtained
grinding, washing and drying, and sieving (100, 160, 250 mm ai¥gry similar results and the third analyst (G. B.) determined slightly
remainder) anger mean length with higher stgndz-_lrd deviation. However, the
For each fraction the following procedure was carried out: (ifference can not be regarded as significant. .
magnet for extraction of pyrrhotite and pentlandite; (2) Frantz Two analysts (A. C. F. and G. B.), using a Leitz Orthoplan
magnetic separator for extraction of the following mineral phasegticroscope and a Jena Jenaval microscope, respectively made the age
phlogopite, clinopyroxene + hornblende, orthopyroxene + hornblendéeterminations. Results are shown in Table 1. Reproducibility of age
olivine and diamagnetic minerals; and (3) heavy liquid (sodiurfi€terminations turned to be excellent, as age values obtained by
politungstate) for separation of the light (plagioclase) and heagfferent analysts with different equipment and using different
(apatite) phases. irradiated fractions of the sample are very consistent.

An aliquot of the apatite population was heated (2 hours at 500° ié .
to erase natural fission tracks accumulated during geological time. Tﬁ ilg#[-eT?a‘:ncTeﬁgrEn thzhglif\llsir??n-t:gilér%?g igft?égl;g?e?’l? v'\Ci?hOIhe
aliquot was divided into two fractions that were separately irradiated 3¢ @P p py

the Lazy Susan facility of the Triga Mark Il nuclear reactor of thgge interval 65-110 Ma previously measured by Fonseca and Poupeau
o

University of Pavia, ltaly. After irradiation, three fractions of thd1984), Fonseca (1989) and Fonsetal.(1992) in the Ribeira Belt.

apatite grain population (one containing natural tracks, f his age interval corresponds to the basaltic and alkaline volcanic
b g pop ( g dagiyities related to opening of the Atlantic Ocean. During Gondwana

figgmentation, the continental margins of Africa and Brazil
experienced continuous uplift related to lithosphere doming, and

measurement of spontaneous track lengths and areal density, an
irradiated, for induced track areal density determination) were moun
in epoxy, polished and etched (H)6% for 45 seconds at room A ;

voluminous extrusion occurred.

temperature). )
o The upward movement and the related erosion processes brought
EXPERIMENTAL RESULTS  Fission-tracks commonly used for deep-seated rocks to more superficial crustal levels. In this way,
thermOChr0n0|Oglca| Stud|es based on traCk Iength d|Str|but|OnS %tamorphic and igneous rocks of the Pre_Cambrian basement were
those WhO”y contained within the apatite Crystals, etched throumpOSed to lower pressure_temperature conditions.
fractures or other tracks. These are named “confined tracks”. The brittle behavior of these rocks that produced structural lows
Therefore, the number of confined tracks is rather limited comparedgfd highs during the tectonic activity related to the opening of the
tracks intercepting the polished surface. As the confined tracks yigJglean, indicates that they already cooled, relatively to their formation
their full length, even a small number of them may be enough {emperature, when they were brought to the surface. During the
inform on thermal histories. However, at least 100 lengths a{gward movement, the Pre-Cambrian basement rocks cooled below
measured, when possible. This number is commonly adequate figs 110°C isotherm and fission-track retention started. Consequently,
representing a length distribution. o , the fission-track analysis of apatite from the present continental
In this work we used an instrument which is alternative to the mofgargins allowed studying the timing and characteristics of their
popular system digital tablet — microscope equipped with light camegghumation.
This is a Leitz Orthoplan microscope coupled to Microvid accessory. A comparable apatite fission-track age interval (65-110 Ma) had
The image produced by the lens of the microscope is superimpose@d@n determined for the oriental margins of the Atlantic Ocean, in
the image of a small monitor. The mouse of the computer drivessgythwestern Africa (Haack 1976).
small reference cross that has to be placed at the end of the object to by extract more information on the thermal history of the host rocks
measured. A click of the mouse and the displacement of the crosgfahe apatite from the Canad Valley, we applied the Monte Trax
the other end of the object produce a line segment whose lengtié¢nputer modeling (Gallagher 1995). This software yields the time-

displayed on the monitor. This system is very practical and quick, afignperature paths most consistent with the measured fission-track
has the advantage that segments corresponding to determinations raad@ tical data.

Table 1 — Fission-track age determination of an apatite sample from an olivine pyroxenite from the Canaa Valley, Espirito Santo, Brazil

Analyst ps(x10) Ns  S's ® p(x10) (cm?) n S\ Agezlc
(cn?) (% (cm?) (%) (Ma)
A.F.C. 5586 5,062 19 252x%0 7.352 6,662 18 946z%25%
2.42 x 16° 7.050 3,194 25 946+3.0
G.B. 4984 3165 29 252x%0 6.459 2,461 2.7 96.1+3.
242 x16° 6.624 2524 29 898+ 3$

ps (p): spontaneous (induced) track areal dengityon)): number of spontaneous (induced) tracks courgedieutron fluence (referred to the new
standard glass IRMM-540);ss’): standard error of the spontaneous (induced) track counts. The error of the age is propagation of the errors of the
track densities. Age determinations were made using the population method. Parameters used for age oaictl@@Pnx 1G%cnf; A = 155125 x

10%°a*, A\p=8.46x 107a".
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T(°C) val was chosen, between surface temperature up to that corresponding
0 o to apatite fission-track total annealing. For the first point, time was left
i free to vary between 500 and 200 Ma. For the second, the time interval
20 is rather narrow (between 120 and 140 Ma), since it represents the age
40 of the eruption of the Parana Basin basalts. A post-eruption point
60 [ \/m follows, in the time span between 100 and 20 Ma.
The genetic algorithm procedure was used, with generation of 50
80 time-temperature paths for each of 10 iterations. The thermal history
100 1 that best fits with the experimental results is shown in figure 3. The
E L wide limits of the box, weighted mean of the iterationso+hich
120 ; — A . represents the first point, indicate that this procedure did not constrain
670 536 402 268 134 0 the_history prior to around 130 Ma. The best fit time-temperature path
) of figure 3 suggests that the rocks experienced temperatures close to
Time (Ma) those corresponding to fission-track total annealing during eruption of
N the basalts and beginning of the sea-floor spreading of the South

Atlantic Ocean. Rocks cooled by at least ca. 80°C during the last 130

30 ] Ma.
Obs. age: 95.00 Ma N
20 - Mod. age: 96.61 Ma VAT CONCLUSIONS The apatite from the Canaa Valley olivine
o 1 i \ pyroxenite has a high track areal density useful for testing counting
_ 7 R strategies. This sample allows measuring, in a relatively short time, a
10 o P large number of confined track lengths. Population method fission-
ST \ track ages as well as confined track length distributions showed good
| o0 [ Il [ reproducibility. The thermal history deciphered by the apatite fission-
1234567 891011121314151617181920 track analysis was well consistent with geological information.
Confined track length (um) Therefore, we consider this apatite, which experienced a more complex

. . a _history than simple fast cooling, as a promising additional reference to
Figure 3 — Thermal history produced by application of Monte Trax mOdeI"’t’:l’ompare determinations made by different analysts and/or using

(Gallagher, 1995). For the confined track length distribution, we have choseg . -
the mean histogram of those shown in Fig. 2. The continuous line represealagerent equipment as well as to test various computer programs used

the best fit of the experimental results. The large boxes represent the litHt@patite fission-track analysis. ) )

imposed for choosing time-temperature points during the modeling procedure. Considering its high track density, this apatite may also be useful to
The gray boxes represent the & limits of the weighted mean of the time-test alternative dating technique named External Detector Method.
temperature paths produced by Monte Trax. The horizontal dashed lines are

the limits of the partial annealing zone. Obs. age: observed age; Mod. a%éknowledgments To Maria Cristina Wiedemann (Rio de Ja-
age produced by the modeling procedure. neiro) who supplied the olivine pyroxenite sample, for her help with
opaque mineral determination, Isabel Pereira Ludka for X-ray

According to Gallaghegt al. (1994), who analyzed apatite sampledPiffractometry analyses and Julio Cesar Mendes for his help with
from the continental margin of south-eastern Brazil, we selected fdigtrographic studies. This research was partially supported by a grant
time-temperature points, including the present surface mean temp&f-the Brazilian National Council of Research and Scientific
ture of 20°C. For the remaining three points, a wide temperature intBxevelopment (CNPq).
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